From the Global Historical Climate Network (GHCN-V3), monthly mean summer (DJF) temperature (1856-2012) and total precipitation (1861-2012) are analyzed in correlation with four climate modes and sunspot number to better understand the role of teleconnections on Buenos Aires' (Argentina) climate. A general increase in temperature and precipitation was observed. Temperature has increased by about 1.8˚C and precipitation has increased by about 300 mm in the past century and a half. Indices of Arctic Oscillation (AO), Pacific North American (PNA), Antarctic Oscillation (AAO), and El Niño-Southern Oscillation (ENSO) are evaluated to study their effects on wheat and corn production and export. AO and PNA show strong relationships with precipitation and temperature received. AAO and ENSO show strong negative correlations with precipitation patterns and weak correlations with temperature. Sunspot Number shows a positive correlation with temperature. ENSO phases are strongly linked with the wheat and corn production and export; during El Niño Buenos Aires tends to experience extremely wet summer weather, causing soggy fields and extremely dry summer weather during La Niña causing drought. Both of these conditions result in reducing wheat and corn production and export.
Introduction
Buenos Aires, Argentina is located at 34.6˚ south latitude and at 58.5˚ west longitude. The station is 25 m above * Corresponding author. sea level and located at the Buenos Aires' International Airport, 30 km from the Atlantic Ocean and 9 km from the urban center. Because of its location in the southern hemisphere, Buenos Aires's seasons are opposite of those from the northern hemisphere; summer is in December, January and February (DJF), winter is during June, July and August (JJA), spring is in September, October and November (SON) and autumn is during the months of March, April and May (MAM). Monthly average temperature and total precipitation data for Buenos Aires are obtained from the Global Historical Climate Network (GHCN-V3).
Buenos Aires' average annual summer temperature is 23˚C for the period of 1856-2012. Due to its proximity to the South Atlantic Ocean, the average annual temperature fluctuates very little. The summer temperature ranges from approximately a high of 25.3˚C to a low of 21˚C. The winter temperature ranges from approximately a high of 13.3˚C to a low of 6.3˚C. Summer average precipitation is about 283 mm. The distribution shows seasonal periods of intense low to high precipitation amounts. The period of intense precipitation is during the autumn months with a total average of 299 mm, while it receives low amounts of precipitation in the winter months with a total average of 184 mm. Precipitation in the summer months supports farming production and failure of precipitation leads to devastating economic losses [1] [2] . Wheat and corn are two of the major crops that Buenos Aires produces and exports. The climate of Argentina is very sensitive to the ENSO phases, especially with the amount precipitation received, largely contributing to a summer drought during a La Niña year, and a summer flood during El Niño [2] .
This paper examines the effect of four teleconnections and sunspot number on the summer temperature and precipitation of Buenos Aires. The teleconnections include: Arctic Oscillation (AO), Pacific North American Oscillation (PNA), Antarctic Oscillation (AAO), and El Niño-Southern Oscillation (ENSO). AO is distinguished by pressure changes between the Arctic Polar Regions and areas south of the North Pole causing changes in upper-level zonal winds [3] . In the positive phase of AO, the strong low pressure system in the Arctic keeps the cold air north and in the negative phase of AO; the weak low pressure system in the Arctic keeps the cold air south.
The PNA relates to the atmospheric circulation pattern over the North Pacific Ocean and over the North American continent mostly affecting North American climate. The PNA index deals with the average of the standardized monthly 700 mb height anomalies for Hawaii, the Aleutian Islands, southeastern United States and over the Intermontagne region of North America.
The AAO is measured by the Antarctic Oscillation Index, which is the difference in pressure between 40˚S and 65˚S. AAO affects the areas between 20˚S to 90˚S and has a strong effect on the location of the midlatitude jet stream affecting areas in the southern hemisphere [4] . Just like in the Northern hemisphere, there is an opposition between the Azores high and the high pressure belt over Argentina, where a lack of southern data hindered the research for more oscillations [4] [5] . The positive phase of AAO consists of the southern hemisphere tropical jet stream moving south, causing warm and dry conditions in the lower latitudes closer to the equator and cold and wet in the higher latitudes closer to the South pole. The negative phase of AAO is the opposite.
ENSO is a large-scale interaction between the ocean and the atmosphere. It is measured using the Southern Oscillation Index (SOI) where large negative SOI values represent El Niño, ocean warming, and large SOI positive values represent La Niña, ocean cooling [6] [7] . SOI is calculated by the pressure differences between Tahiti and Darwin. ENSO affects South America by mimicking the Peruvian conditions into Buenos Aires from the Pacific to the Atlantic Ocean coast [8] .
Sunspots are large magnetic storms that are cool spots appearing dark on the sun. They are surrounded by plagues or faculae, known as bright spots. Sunspots lead to an increase in the receipt of solar radiation, and there is evidence that sunspots can cause a potential increase in temperature [9] .
This work is important because it explains how teleconnections that occur around the world affect Buenos Aires' climate. It also explains why some teleconnections affect only temperature and not the precipitation patterns, and vice versa. There is some work done around Buenos Aires, for example, in Chile, Las Pampas, Southern Brazil, Peru and the Andes Mountains regarding temperature and precipitation patterns, but little work is dedicated with the focus of the effect of teleconnections on Buenos Aires, Argentina, and how the ENSO phases influences the production and exporting of wheat and corn. Section 2 describes temperature and precipitation results and the impact of ENSO on wheat and corn production and export; and Section 3 summary and conclusions.
Results and Discussion

Temperature
Buenos Aires has experienced a warming trend in the past century and a half. There are links of this increasing trend of the temperature with more frequent occurrences of warmer days and nights and a decrease of cold days and nights [10] [11] . Figure 1 shows that the average annual temperature of Buenos Aires has increased by about 1.8˚C over the past 156 years. There appears to be a year-to-year variation on the temperature of Buenos Aires, ranging from a low of approximately 14.8˚C to a high of approximately 18.5˚C, supporting the strong warming trend. The lowest average summer temperature is 21˚C and the highest average summer temperature is 25.4˚C. The increasing trend shows a dramatic drop in the temperature in 2008. The year 2008 was a strong La Niña year. During a La Niña year, the western coast of South America, experiences a higher than average air pressure system causing colder temperatures. This colder air temperature travels up and over the Andes Mountains and across the South American continent into Buenos Aires, causing a higher than average air pressure system in Buenos Aires, causing a decrease in the temperature to approximately 14.8˚C in 2008. Figure 2 shows the trend of the seasonal and annual 30-year-average temperature of Buenos Aires. The graph shows a strong increase in the average temperature from 1893 to 1982, which could be associated with the exchange of tropical and polar air masses that produce an increase and variability in the southern hemisphere temperature, especially from the period of 1953 to 1982 [12] . high temperatures of about 25.4˚C and during the negative phase Buenos Aires experiences lower temperatures of about 21.5˚C. During the positive phase of AO, the cold Arctic air and strong westerly winds aloft stay further north, creating warmer temperatures in the southern hemisphere. During the negative phase of AO, Buenos Aires experiences colder temperatures, which could be due to large clouds over the Atlantic Ocean [5] and colder air descending from the Arctic due to strong zonal winds [3] . PNA also shows a positive relationship with the summer temperature of Buenos Aires with a correlation coefficient of 0.10 (Figure 4) , meaning that the positive events produce warm temperatures and the negative events produce colder temperatures. PNA's slight increase in temperature could be influenced by El Niño, where warm episodes in the eastern Pacific could enhance the temperature of Buenos Aires.
AAO and ENSO showed weak to no correlations with the summer temperature of Buenos Aires. The correlation between AAO and temperature is 0.06 ( Figure 5 ). This means that during the positive phase of AAO, Buenos Aires experiences warm temperatures as the subtropical jet moves south (55˚S) and during the negative phase of AAO, cooler temperature are experienced because subtropical jet moves north (40˚S) closer to Buenos Aires area . The correlation between ENSO and temperature is −0.02 (Figure 6 ). The negative correlation means El Niño events produce warm temperatures while La Niña events produce cold temperatures. ENSO's weak correlation occurs because ENSO circulates and affect the areas of the central Pacific Ocean having very little effect on the Atlantic regions.
There is also a strong positive relationship between Sunspot Numbers and Buenos Aires' summer temperature. The two variables have a correlation coefficient of 0.21 (Figure 7) . When there are fewer sunspots, approximately between 0 -150, the temperature ranges from about 19.8˚C to 24.8˚C, and when there are more sunspots (between 150 -250), the temperature tends to be higher, ranging from about 22.4˚C to 25.4˚C. This means that when there are more sunspots, there is an increase in solar radiation received at the surface (Figure 7) .
Precipitation
Buenos Aires' precipitation has increased by about 300 mm over the past 151 years (Figure 8) . The annual and summer average precipitation is 1020.11 mm and 283 mm, respectively. It shows a dramatic decrease in the total annual precipitation in 2008 (La Niña year). The anomalously high pressure on the western coast of South America travels through the South American continent creating a high pressure system that brings dry conditions to Buenos Aires. Figure 9 depicts the frequency distribution of total annual precipitation of Buenos Aires and shows that 81 of the 151 years of precipitation fall between 900 mm and 1299 mm. Penalba and Robledo [2] explain that these years could have been particularly wetter than the rest because of a probable daily precipitation rate greater than 0.1 mm/day.
The correlation between AO and precipitation shows a strong negative correlation r = −0.20 (Figure 3) . The positive phase of AO accounts for less precipitation with a minimum amount of about 90 mm, while the negative phase correlates with more precipitation up to about 800 mm. The low pressure system that forms storms in the Mediterranean region adds moisture to the warm summer air above the Atlantic Ocean and creates more precipitation during the negative phase of AO.
PNA has a strong positive relationship with Buenos Aires' summer precipitation with a correlation coefficient of 0.20 (Figure 4) . The positive phase of PNA causes more precipitation and the negative phase causes less precipitation.
AAO also shows a strong negative correlation with the summer precipitation of Buenos Aires with a correlation coefficient of −0.31 ( Figure 5) . The positive phase of AAO results in less precipitation and the negative phase results in more precipitation. Increased amounts of precipitation during the negative phase of AAO is due to the abundant moisture brought by the northward movement of the subtropical jet stream centered at about ENSO shows a strong negative correlation with the summer precipitation of Buenos Aires. The correlation coefficient is −0.20 (Figure 6 ). This means that strong negative SOI values represents El Niño, a large low pressure system over the Western coast of South America, and during strong positive SOI values (La Niña), a large high pressure system over Western coast of South America.
The Impact of ENSO on Wheat and Corn Production
The conditions that affect the western coast of South America during the ENSO phases are the same conditions [13] . When the Peruvian region experiences an El Niño event (low pressure), there is an abundant amount of precipitation received, as well as in Buenos Aires. The summer is extremely dry, causing drought in a typical La Niña year, but extremely wet, causing soggy fields and floods in a strong El Niño year [2] resulting less wheat and corn production and export [14] [15] . In the 1997-1998 El Niño year, the total annual precipitation exceeded 1700 mm and in 2007-2008 La Niña year the precipitation decreased to 550 mm (Figure 8). 
ENSO, Wheat Production and Exports
Buenos Aires is especially prone to a severe drought season during La Niña, a province that accounts for 60% -65% on the national wheat output [14] . The wheat is planted between May and June, harvested in December and usually exported between December and January. During 1997-1998, a soggy El Niño year, wheat production decreased from 15,740 (Million Tones (MT)) in 1996-1997 to 13,300 MT, and the wheat growth rate dropped 15.5% due to and flooded fields in December, the key harvesting month for wheat [16] . In 1998, of the 13,300 MT of production, 10,000 MT were exported [14] . During 2007-2008, a dry La Niña year, wheat production dropped from 18,600 MT in 2006-2007 to 11,000 MT and only about 6500 MT of wheat was exported [14] . The wheat growth rate dropped 40.86% due to the dry conditions which created damaged wheat that was not able to be sold as grain, therefore, a loss of production and export was experienced during 2008-2009 [16] .
ENSO, Corn Production and Exports
The United States is accountable for nearly 60% of global corn exports and Argentina is the second with a 15% share of the world trade [15] . Corn is planted between October and November, harvested between March and April and usually exported at the end of April and into May (G. Alonso-Murray, private communication, 2013). During 1997-1998, corn production decreased from 19,361 MT in 1996-1997 to 13,504 MT and the corn growth rate dropped 30.25 [15] . From the 13,504 MT of corn production, only about 8000 MT was exported. Corn dropped due to wetter than normal fields through the months of December to February. During the 2007-2008, a dry La Niña year, the low production of 15,500 MT resulted in an approximate drop of 11,000 MT of corn export, and the corn growth rate decreased by 30% [15] . During the 2007-2008 droughts, nearly 40% of the harvested corn was damaged and lost as the drought grew more intense in the summer from December to February; therefore the corn loss was cut for silage and was not sold [15] . The Argentina national corn yield fell 14% below trend in 2007-2008. Recently, during the 2009-2010, a moderate El Niño year, Argentina's total precipitation increased to 1000 mm (Figure 8 ) and the corn production was 23,600 MT [15] . In 2011-2012, a weak La Niña year the total annual precipitation dropped to about 750 mm (Figure 8) , causing corn production to fall to 21,000 MT [15] .
Summary and Conclusion
Buenos Aires has experienced a warming of about 1.8˚C of its average annual temperature during the period of 1856-2012. This warming can be associated with more frequent occurrences of warmer days and nights and a decrease of cold days and nights. Another explanation of this warming trend could be due to the cold Arctic air staying in the North due to strong pressure differences between Arctic polar regions and the central Atlantic as well as strong westerly winds aloft, creating warmer temperatures. The unusual cool period in 2007-2008 occurred due to the strong La Niña year causing major wheat and corn economic losses.
The AO, PNA, NAO and Sunspot Number have showed to have major effects on Buenos Aires' summer temperature. The AO, PNA and AAO all showed high temperatures in the positive phase and low temperatures in the negative phase. This is due to their strong positive correlation coefficients with temperature. Sunspot Number showed that with fewer sunspots, the temperature is lower, ranging from about 19.8˚C to 24.8˚C, and with more sunspots, the temperature is higher, ranging from about 22.4˚C to 25.4˚C.
Precipitation in Buenos Aires has increased by about 150 mm to 300 mm during 1861-2012. Also, AO, PNA, AAO and ENSO have showed to have major effects on the summer precipitation of Buenos Aires. The AO accounts for drier summer conditions in the positive phase and wetter summer conditions in the negative phase. The PNA showed an increase in precipitation during the positive phase causing wet summer conditions, and during the negative phase, causing dry summers. Unlike PNA, AAO showed that positive phase resulted in less precipitation, causing dry summer weather and the negative phase resulted in more precipitation, causing moist summer weather. Finally, the ENSO phases causes Buenos Aires to experience extremely wet summer weather during El Niño (negative SOI values) and extremely dry summer weather during La Niña (positive SOI values). Both of these conditions have a major impact on the wheat and corn production and export of Buenos Aires.
The teleconnections discussed showed how climate changes from warmer to colder temperatures and wetter to dryer conditions. Buenos Aires' climate change is based on the various phases of the climate modes affecting the temperature and precipitation. Teleconnections have large effects on Buenos Aires' summer temperature and precipitation and showed an increase in average temperature and total precipitation in the past century and a half. A change in the Earth's climate as a whole in the next 50 -100 years will have an effect on the return periods and magnitudes of the teleconnections discussed and, therefore, they will change the climate and the ability of Buenos Aires' crops to maintain successful wheat and corn production and exports to nurture the world. Further research is needed to understand the relationship between the teleconnections and climate change to be able to predict the future of the wheat and corn production and exports of Buenos Aires and in other parts of the world.
